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Objectives   The aim this study was to examine the effect of changes in physical and psychosocial working 
conditions on physical health functioning among ageing municipal employees.
Methods   Follow-up survey data were collected from midlife employees of the City of Helsinki, Finland, at 
three time points: wave 1 (2000–2002), wave 2 (2007), and wave 3 (2012). Changes in physical and psychosocial 
working conditions were assessed between waves 1 and 2. Physical health functioning was measured by the 
physical component summary (PCS) of the Short-Form 36 questionnaire at each of the three waves. In total, 2784 
respondents (83% women) who remained employed over the follow-up were available for the analyses. Linear 
mixed-effect models were used to assess the associations and adjust for key covariates (age, gender, obesity, 
chronic diseases, and health behaviors).
Results   Repeated and increased exposure to adverse physical working conditions was associated with greater 
decline in physical health functioning over time. In contrast, decrease in exposures reduced the decline. Of the 
psychosocial working conditions, changes in job demands had no effects on physical health functioning. How-
ever, decreased job control was associated with greater decline and repeated high or increased job control reduced 
the decline in physical health functioning over time.
Conclusions   Adverse changes in physical working conditions and job control were associated with greater 
decline in physical health functioning over time, whereas favorable changes in these exposures reduced the 
decline. Preventing deterioration and promoting improvement of working conditions are likely to help maintain 
better physical health functioning among ageing employees.
Key terms   physical working condition; psychosocial working condition; SF-36; follow-up.
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Good physical functioning is vital for work ability and 
everyday life. Limited physical functioning, such as 
difficulties in mobility, is an early marker of declining 
health and subsequent early exit from the labor market 
(1, 2) and threatens the individual’s independence and 
quality of life (3, 4). The workforce is ageing rapidly in 
post-industrial societies; (5) this highlights the impor-
tance of understanding factors contributing to physical 
functioning among ageing employees. During the past 
few decades, many clinical and epidemiological stud-
ies have identified multiple determinants of functional 
decline, including various chronic diseases, and socio-
demographic and lifestyle factors (6, 7). 
In addition, previous studies have indicated that 
physically demanding working conditions, such as 
repetitive monotonous work or lifting (8–12), and psy-
chosocially demanding working conditions, such as low 
job control or high job demands (13–16), are associ-
ated with poorer physical functioning among midlife 
and older employees. However, evidence on the health 
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effects of changes in these working conditions is insuf-
ficient, especially for physical working conditions. Some 
previous studies have suggested that adverse changes in 
physical (17) and psychosocial (17–20) working condi-
tions contribute to sickness absence (17, 18) and mental 
disorders (19, 20), but prior studies have not examined 
whether adverse or positive changes in working condi-
tions contribute to physical functioning. 
We examined the effects of changes in physical and 
psychosocial working conditions on physical health 
functioning among midlife and ageing employees during 
a follow-up of 10–12 years. 
Methods
Participants 
This study is part of the Helsinki Health Study, which 
examines the health and well-being of the ageing employ-
ees of the City of Helsinki, Finland. Baseline (wave 1) 
data were collected by postal surveys in 2000, 2001, 
and 2002 among employees reaching 40, 45, 50, 55, or 
60 years of age in each year (21). The target population 
consisted of 13 346 employees, of which 67% returned 
the baseline questionnaire (N=8960). The follow-up 
surveys were conducted among the baseline respondents 
in 2007 (wave 2, N=7332, response rate 83%) and 2012 
(wave 3, N=6814, response rate 79%). According to the 
non-response analysis, the baseline and follow-up data 
satisfactorily represent the target population (22). 
For the purposes of this study, we focused on those 
who remained employed during the entire follow-up 
(N=3280). This restriction was needed to have informa-
tion on physical and psychosocial working conditions 
from two consecutive time points (wave 1 and wave 2) 
and due to the fact that our additional analysis showed 
that the changes in physical health functioning were 
markedly different among those who retired or left 
employment for other reasons between wave 2 and wave 
3 (data not shown).The main reason for non-employ-
ment during the follow-up was retirement (N=2895). 
Furthermore, respondents with missing information on 
physical functioning at waves 1–3 (N=185) or on any 
of the working conditions at wave 1 or wave 2 (N=311) 
were excluded. This yielded 2784 participants. 
The ethics committees of the Department of Public 
Health, University of Helsinki and the health authorities 
of the City of Helsinki, Finland, approved this study.
Measurement of physical workload
Physical working conditions were measured at waves 1 
and 2 with the following six items: (i) awkward working 
postures, (ii) rotation of back, (iii) repetitive movements, 
(iv) standing, (v) walking, and (vi) heavy physical effort 
or lifting and carrying heavy loads (23). The participants 
were asked to report whether these demands were pres-
ent in their work (yes/no). 
Changes in the exposure to physical working con-
ditions were measured by a four-category variable of 
change for each of the six exposure variables (17): (i) 
no exposure (no exposure at either wave 1 or 2), (ii) 
increased exposure (no exposure at wave 1, exposure 
at wave 2), (iii) decreased exposure (exposure at wave 
1, no exposure at wave 2), and (iv) repeated exposure 
(exposure at wave 1 and 2). 
Measurement of psychosocial working conditions
The Framingham version of Karasek´s Job Content 
Questionnaire (24) was used to measure job demands 
and job control at waves 1 and 2. Job demands were 
measured by five items inquiring about excessive work, 
conflicting demands, insufficient time to work, fast 
pace and working hard (Cronbach´s alpha α =0.72), 
and job control, which consists of decision authority 
and skill discretion, was measured by nine items (α 
=0.82). Each answer was scored on a scale 1 (strongly 
disagree) to 4 (strongly agree). The demand and control 
scales were separately summed up. Job demands and 
job control variables were dichotomized to low and high 
job demands and job control, respectively, by using the 
median values as cut off points. 
Changes in exposure to psychosocial working con-
ditions were measured by a four-category variable as 
follows (17): (i) no exposure (low exposure at wave 1 
and 2), (ii) increased exposure (low exposure at wave 
1, high exposure at wave 2), (iii) decreased exposure 
(high exposure at wave 1, low exposure at wave 2), (iv) 
repeated exposure (high exposure at wave 1 and 2). No 
exposure to high job demands and exposure to high job 
control are considered beneficial
Measurement of physical functioning
Physical health functioning was measured by the physi-
cal component summary (PCS) of the Short-Form 36 
(SF-36) health questionnaire (25) at each of the three 
waves. The PCS is a continuous scale, ranging from 
0–100, with a mean of 50 [standard deviation (SD) 10] 
in the general US population (25). High scores indicate 
good physical health functioning. The SF-36 has a 
good construct validity and high internal consistency 
as well as test-retest reliability (25). As a continuous 
measure, SF-36 is well-suited for analyzing changes 
of functioning, and it captures even small changes in 
functioning better than commonly used dichotomous 
health measures.
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Covariates
Age at wave 1 included five groups: 40, 45, 50, and 55 
years in 2000, 2001, and 2002. Other variables were 
measured at each of the three waves and were used as 
time-variant. Body mass index (BMI) was calculated as 
weight in kilograms divided by height in metres squared, 
using self-reports and classified into non-obese (≤30 kg/
m2) and obese (>30 kg/m2). Smoking was categorized to 
as non-smoker, ex-smoker, and current smoker. Alcohol 
use was measured by binge drinking, which implied 
drinking >6 servings on a single occasion ≥1 times  per 
month. Participants were classified into two groups 
according to their level of self-reported leisure-time 
physical activity: (i) inactive [≤14 metabolic equiva-
lent (MET) hours/week], (ii) active (≥15 MET hours/
week) (eg, brisk walking for 30 minutes 5 days/week = 
15 MET hours/week). The main analysis used a list of 
self-reported medically confirmed chronic diseases that 
are likely to affect physical functioning (osteoporosis, 
osteoarthritis, rheumatoid arthritis, angina pectoris, heart 
attack, cerebral hemorrhage, intermittent claudication, 
asthma, depression, other mental illness, diabetes, and 
cancer). For descriptive purposes the following catego-
ries were used: 0 or ≥1 diseases. 
Statistical analysis
Study population characteristics are reported as percent-
ages and mean values of SF-36 physical health function-
ing score (PCS) at wave 1 with 95% confidence intervals 
(95% CI). The effect of changes in working conditions 
on physical functioning was analyzed in two steps. First, 
the adjusted cross-sectional differences in PCS score at 
waves 1 and 3 were calculated by changes in working 
conditions using linear regression analysis (table 2). In 
these analyses, the covariates where derived from the 
same time-point as PCS. To be able to evaluate the group 
differences in PCS before and after the changes in work-
ing conditions, we report the mean differences separately 
for wave 1 and wave 3. Second, adjusted differences in 
the changes of PCS score from wave 1 to wave 3 were 
calculated by changes in working conditions using linear 
mixed-effect regression models (table 3). In these lon-
gitudinal analyses, the covariates were derived from all 
three waves and they were used as time-variant. To be 
able to have the last measurement of the outcome after the 
changes in working conditions had taken place (wave 1 to 
wave 2), the change in PCS was measured from wave 1 
to wave 3. Furthermore, we did not include the informa-
tion on working conditions at wave 3 in these analyses 
as it would have decreased the statistical power due to 
additional exposure categories. The results are reported as 
regression coefficients (β) and their standard errors (SE). 
Men and women were pooled in the analyses as gender 
interactions were statistically non-significant. To be able 
to measure the effect of increase and decrease in the 
exposure to working conditions, the job exposure group 
in which the participants were at wave 1 (ie, prior to the 
exposure change) was used as the reference category. 
For example, when examining decreased exposure to a 
particular adverse physical working condition, one must 
have had such an exposure at wave 1. The SAS 9.4 Sta-
tistical Package was used for all analyses (SAS institute 
Inc, Cary, NC, USA).
Results
Physical health functioning at wave 1 was lower among 
older participants and those who had ≥1 chronic dis-
eases. In addition, obesity, smoking, binge drinking, 
and low physical activity were associated with poorer 
physical health functioning (table 1). 
Physical working conditions
Exposure to physical working conditions was common 
with up to two thirds reporting repeated exposure to 
adverse physical working conditions (table 1). Physical 
health functioning was the lowest among those with 
repeated exposure to physical workloads and the high-
est among those with no exposure (table 1, table 2). The 
differences in physical functioning widened during the 
follow-up as the decline was more pronounced among 
those with repeated or increased exposure compared to 
those with no exposure (table 2, table 3). However, the 
decline was smaller among those who reported decreased 
exposure compared to those with repeated exposure. For 
example, those with repeated or increased exposure to 
rotation of back in their work had 2.6 (P<0.001) and 1.0 
(P=0.042) points lower scores at wave 1, respectively, 
as compared to those with no exposure after adjustment 
for gender and age (table 2). The decline among those 
with repeated or increased exposure was greater during 
the follow-up as compared to those with no exposure 
(-3.5 versus -1.9, P<0.001 and -2.9 versus -1.9, P=0.024, 
respectively, table 3) resulting into -4.1 (P<0.001) and 
-2.0 (P=0.001) points lower physical health functioning 
scores, respectively, at wave 3 (table 2). In addition, 
those who reported decreased exposure had smaller 
decrease in physical health functioning score (-1.8 
versus -3.5, P<0.001, table 3) resulting into 3.0 points 
higher (P<0.001, table 2) score at wave 3 as compared 
to those who reported repetitive exposure to rotation 
of back. Although further adjustments for obesity and 
chronic diseases attenuated the associations somewhat, 
the general conclusions of the results did not change 
(table 2 and table 3; model 2). Smoking, binge drink-
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ing, and physical activity had only minor effects on the 
estimates (table 2 and table 3; model 3).
Psychosocial working conditions
Around one third of the participants reported being 
exposed repeatedly to adverse psychosocial working 
conditions (table 1). Physical health functioning was 
the lowest among those with repeated exposure and the 
highest among those with no exposure to adverse psy-
chosocial working conditions (table 1, table 2). There 
were no differences in the mean change of physical 
functioning scores according to changes in job demands. 
For job control, the differences in physical functioning 
widened during the follow-up (table 2) as the decline 
was smaller among those with repeated high control 
compared to those with repeated low control (-2.4 versus 
-3.5, P<0.001, table 3) resulting into 2.4 point differ-
ence (P<0.001) in physical health functioning score at 
wave 3 (table 2). Furthermore, the decline was greater 
among those with decrease in job control as compared 
to those with job control remaining high (-3.1 versus 
-2.4, P=0.035, table 3). Although further adjustments 
for obesity and chronic diseases attenuated the estimates 
somewhat, the general conclusions of the results did not 
change (table 2 and table 3; Model 2). Smoking, binge 
drinking, and physical activity had only minor effects on 
the estimates (table 2 and table 3; model 3).
Discussion
Our study showed that repeated and increased exposure 
to adverse physical working conditions was associated 
with greater decline in physical health functioning 
over time. In contrast, decrease in exposures reduced 
the decline. Of the psychosocial working conditions, 
changes in job demands had no effects on physical 
health functioning. However, decreased job control was 
associated with greater decline, whereas repeated high 
or increased job control reduced the decline in physical 
health functioning over time.
Our findings on the effects of adverse physical and 
psychosocial working conditions on physical health 
functioning confirm those from previous studies (8–16). 
In particular, they extend the existing research by pro-
viding novel evidence on the effects of changes in 
these working conditions. Such evidence is important 
for the prevention of loss of functioning among ageing 
employees and offers insights into potentially modifiable 
working conditions. Although the observed group differ-
ences in the means (table 2) and mean changes (table 3) 
of physical health functioning scores were fairly small, 
many of them were close to >3 points, which has been 
Table 1. Unadjusted percentage of participants and Short Form-36 
(SF-36) physical health functioning component summary (PCS) 
scores at wave 1 (N=2784). [95% CI=95% confidence interval.]
Characteristic at wave 1 % Mean 95 % CI
Gender
Women 83 51.9 51.3–52.4
Men 17 51.8 50.6–51.2
Age
40 32 51.4 50.9–51.9
45 34 51.3 50.9–51.8
50 30 50.4 49.9–50.9
55 4 50.7 49.2–52.2
Obesity 
No 90 51.4 51.1–51.7
Yes 10 48.1 47.2–49.0
Number of chronic conditions
0 76 52.0 51.7–52.2
≥1 24 48.2 47.6–48.7
Binge drinking
No 77 50.9 50.6–51.2
Yes 23 51.6 51.1–52.1
Smoking
No 53 51.3 51.0–51.7
Previous 24 50.9 50.3–51.4
Current 23 50.6 50.0–51.1
Physical activity
Inactive  21 49.5 48.9–50.1
Active 79 51.5 51.2–51.7
Change in working conditions  
between waves 1-2 
Awkward positions
No exposure 17 52.5 51.5–53.4
Increased exposure 9 51.9 50.6–53.3
Decreased exposure 14 51.2 50.2–52.2
Repeated exposure 60 49.2 48.5–49.9
Rotation of back
No exposure 22 52.1 51.3–52.9
Increased exposure 10 52.4 51.1–53.8
Decreased exposure 13 51.4 50.2–52.6
Repeated exposure 55 48.9 48.2–49.6
Repetitive movements
No exposure 19 51.9 50.9–52.9
Increased exposure 11 52.1 50.8–53.5
Decreased exposure 13 51.3 50.1–52.4
Repeated exposure 57 49.4 48.8–50.1
Standing
No exposure 14 52.0 50.9–53.1
Increased exposure 8 51.7 50.5–52.9
Decreased exposure 12 51.0 49.7–52.3
Repeated exposure 66 49.6 49.0–50.3
Walking
No exposure 8 52.0 50.6–53.4
Increased exposure 8 50.0 48.4–51.6
Decreased exposure 9 51.8 50.5–53.1
Repeated exposure 75 50.0 49.4–50.5
Heavy physical effort
No exposure 42 51.7 51.1–52.3
Increased exposure 9 51.3 49.9–52.7
Decreased exposure 13 50.5 48.9–52.0
Repeated exposure 36 48.6 47.7–49.4
Job demands
No exposure 39 51.3 50.5–52.0
Increased exposure 14 49.6 48.0–51.0
Decreased exposure 17 50.7 49.6–51.7
Repeated exposure 30 49.4 48.5–50.3
Job control
No exposure 31 49.6 48.8–50.4
Increased exposure 14 50.5 48.9–52.2
Decreased exposure 12 50.6 49.3–51.9
Repeated exposure 43 51.0 50.3–51.7
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suggested as a clinically important difference (26). Our 
results are also in line with a previous study in this 
cohort which showed that adverse changes in working 
conditions were associated with an increased risk and 
favorable changes with a decreased risk of sickness 
absence (17). The correspondence between the results 
makes sense as functional limitations have been shown 
to be associated with poor health and work disability 
(7) as well as risk of exit from the labor market (1, 2).
To explore possible mechanisms that may underlie 
the observed associations, the age- and gender-adjusted 
models were further adjusted for obesity, chronic condi-
Table 2. Adjusted differences in means (ß coefficients) of short form (SF) 36 physical health functioning score (PCS) before (wave 1) and 
after (wave 3) changes in working conditions from wave 1 to wave 2. [SE=standard error].
Model 1 a Model 2 b Model 3 c
wave 1 wave 3 wave 1 wave 3 wave 1 wave 3
ß SE ß SE ß SE ß SE ß SE ß SE
Awkward positions
No exposure 
Increased exposure d -0.9 0.6 -1.3 0.7 -0.6 0.5 -1.1 0.6 -0.9 0.6 -1.3 0.6 e
Repeated exposure d -2.7 0.4 e -4.0 0.4 e -2.4 0.4 e -3.3 0.4 e -2.7 0.4 e -3.8 0.4 e
Decreased exposure f  0.9 0.4 e  2.7 0.5 e  0.8 0.4 e  2.3 0.4 e  0.9 0.4 e  2.6 0.5 e
Rotation of back
No exposure 
Increased exposure -1.0 0.5 e -2.0 0.6 e -1.0 0.5 -2.1 0.6 e -1.1 0.5 e -1.9 0.6 e
Repeated exposure -2.6 0.3 e -4.1 0.4 e -2.2 0.3 e -3.5 0.4 e -2.6 0.3 e -3.9 0.4 e
Decreased exposure  1.3 0.4 e  3.0 0.5 e  1.2 0.4 e  2.4 0.4 e  1.3 0.4 e  2.8 0.5 e
Repetitive movements
No exposure 
Increased exposure -0.1 0.5 -1.7 0.6 e 0.1 0.5 -1.8 0.6 e 0.1 0.5 -1.6 0.6 e
Repeated exposure -2.2 0.4 e -3.6 0.4 e -1.9 0.3 e -3.0 0.4 e -2.1 0.4 e -3.3 0.4 e
Decreased exposure  1.4 0.4 e  2.8 0.5 e  1.4 0.4 e  2.7 0.5 e  1.4 0.4 e  2.6 0.5 e
Standing
No exposure 
Increased exposure -0.1 0.6 -2.1 0.7 e 0.2 0.6 -1.7 0.7 e -0.1 0.6 -1.7 0.7 e
Repeated exposure -1.2 0.4 e -2.1 0.5 e -0.8 0.4 e -1.6 0.4 e -1.2 0.4 e -2.0 0.5 e
Decreased exposure 0.7 0.4  1.4 0.5 e 0.5 0.4  0.8 0.5 0.8 0.4  1.4 0.5 e
Walking
No exposure 
Increased exposure -0.8 0.7 -0.7  0.7 -0.6 0.6 -0.6 0.7 -0.8 0.7 -0.8 0.8
Repeated exposure -1.4 0.5 e -1.9 0.6 e -1.1 0.5 e -1.3 0.6 e -1.4 0.5 e -2.0 0.6 e
Decreased exposure 0.5 0.5  1.3 0.6 e 0.4 0.5  0.9 0.5 0.5 0.5  1.3 0.6 e
Heavy physical effort
No exposure 
Increased exposure -0.3 0.5 -1.7 0.6 e -0.1 0.5 -1.1 0.5 e -0.2 0.5 -1.6 0.6 e
Repeated exposure -2.1 0.3 e -3.4 0.4 e -1.7 0.3 e -2.7 0.3 e -2.1 0.3 e -3.1 0.4 e
Decreased exposure  1.2 0.4 e  2.3 0.5 e  1.2 0.4 e  1.9 0.5 e  1.3 0.4 e  2.2 0.5 e
Job demands
No exposure 
Increased exposure -0.6 0.4 -1.2 0.5 e -0.7 0.4 -0.9 0.4 e -0.6 0.4 -1.2 0.5 e
Repeated exposure -1.7 0.3 e -1.8 0.4 e -1.6 0.3 e -1.4 0.4 e -1.7 0.3 e -2.0 0.4 e
Decreased exposure 0.5 0.4 0.8  0.5 0.4 0.4 0.7 0.5 0.6 0.4 1.0 0.5 e
Job control
No exposure 
Increased exposure 0.1 0.5 0.9 0.5 0.1 0.4 0.6 0.5 0.1 0.5 0.7 0.5
Repeated exposure 1.4 0.3 e  2.4 0.4 e 1.2 0.3 e  2.3 0.3 e 1.3 0.3 e  2.0 0.4 e
Decreased exposure 0.1 0.4 -0.6 0.5 0.1 0.4 -0.7 0.5 0.1 0.4 -0.6 0.5
a Adjusted for gender and age.
b Model 1 + adjusted for obesity and chronic diseases. 
c Model 1 + adjusted for smoking, binge drinking, and physical activity. 
d Reference group is the no exposure group.
e Significantly (P<0.05) different from the reference group.
f Reference group is the repeated exposure group.
tions, physical activity, smoking, and binge drinking. 
However, these adjustments did not change the general 
conclusions, indicating that the deteriorating effects of 
adverse working conditions on physical functioning were 
not totally dependent on health related factors or health 
behaviors. Our measures on health status and health 
behaviors were based on self-reports and, therefore, 
potentially underreported. For example, as clinically con-
firmed cardiovascular diseases and low muscle strength 
have shown strong associations with poor physical func-
tioning (27), the known effects of heavy physical work 
on cardiovascular diseases (28) and muscle functioning 
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(10) are likely to play a role also in our results. Although 
previous studies have shown strong occupational class 
differences in change of physical functioning (29), we 
did not adjust the current analyses for occupational class 
due to potential risk of overadjustment. 
Adverse psychosocial working conditions have pre-
viously shown negative short- (13, 14) and long-term 
effects (30, 31) on physical functioning. Moreover, 
similar to the present findings, it has been shown that 
poor job control may have more detrimental effects on 
physical health functioning than high job demands (30, 
32). The mechanisms that are hypothesized to explain 
the associations between adverse psychosocial working 
conditions and physical functioning in older age likely 
relate to biological and psychological responses to 
chronic stress (33). Employees with high job demands 
and low job control at work are more likely to suffer 
from the negative physiological and psychological effect 
of excessive strain, such as cardiovascular health prob-
lems, metabolic dysregulation, and depression (33–35). 
This makes those exposed to adverse working condi-
tions more vulnerable to the ageing process, which in 
turn may lead to lower physical functioning later in life 
(32, 36). It has been also hypothesized that individuals 
with adverse working conditions are more likely to fol-
low unhealthy behaviors, such as smoking and physical 
inactivity (37), which are established risk factors for 
lower levels of physical functioning (38). However, in 
our study adjusting for health behaviors had only negli-
gible effects on the results and these possible underlying 
pathways need to be explored further in future studies. 
Our study had several strengths. First, the prospec-
tive ascertainment of diverse physical and psychosocial 
working conditions allowed us to measure changes 
in working conditions. Second, we used the validated 
and widely used SF-36 physical functioning compo-
nent score to ascertain physical functioning during the 
prospective follow-up, allowing us to evaluate changes 
also in our outcome measure. Third, we used a large 
and well-characterized occupational cohort including 
hundreds of occupational titles. 
The limitations of the study also need to be acknowl-
edged. Some characteristics of our data limit the gener-
alizability of the results. The participants were middle-
aged municipal sector employees with the majority 
being women. However, even if the sample is female 
dominated, the associations did not differ significantly 
between women and men, and the gender distribution 
reflects that of the employees of City of Helsinki and 
largely the Finnish municipal sector in general. Fur-
thermore, as we had to restrict our analyses to those 
who remained employed during the 10–12 year follow-
up, the data may be affected by the “healthy worker 
effect”. Participants excluded due to exit from the labor 
market or missing information tended to have slightly 
poorer health and physical functioning at baseline as 
compared to those who were included in the analyses 
(data not shown). Further studies are needed to investi-
gate how exposure to adverse working conditions over 
adult working life affects physical functioning among 
retired employees. Another limitation is that most of the 
information used is based on self-reported data and the 
possibility for under- or over-reporting cannot be ruled 
out. Furthermore, the study would have benefitted from 
more frequent follow-ups to better detect changes in 
working conditions and their effects on physical func-
Table 3. Adjusted mean change (ß coefficients) of SF-36 physical 
health functioning score (PCS) from wave 1 to wave 3 by changes 
in working conditions from wave 1 to wave 2. [SE=standard error].
Model 1 a Model 2 b Model 3 c
ß SE ß SE ß SE
Awkward positions
No exposure -2.0 0.2 -1.7 0.2 -2.0 0.2
Increased exposure d -2.5 0.4 -2.3 0.4 -2.5 0.4
Repeated exposure d -3.4 0.2 e -3.0 0.2 e -3.4 0.2 e
Decreased exposure f -1.6 0.3 e -1.2 0.3 e -1.5 0.3 e
Rotation of back
No exposure -1.9 0.2 -1.5 0.2 -1.9 0.2
Increased exposure -2.9 0.4 e -2.6 0.4 e -2.8 0.4 e
Repeated exposure -3.5 0.2 e -3.0 0.2 e -3.4 0.2 e
Decreased exposure -1.8 0.3 e -1.6 0.3 e -1.7 0.3 e
Repetitive movements
No exposure -1.8 0.2 -1.5 0.2 -1.8 0.2
Increased exposure -3.6 0.4 e -3.4 0.4 e -3.6 0.4 e
Repeated exposure -3.3 0.2 e -2.8 0.2 e -3.2 0.2 e
Decreased exposure -1.9 0.3 e -1.5 0.3 e -1.8 0.3 e
Standing
No exposure -2.0 0.3 -1.6 0.3 -1.9 0.3
Increased exposure -4.0 0.4 e -3.6 0.4 e -3.8 0.4 e
Repeated exposure -3.0 0.1 e -2.6 0.1 e -2.9 0.1 e
Decreased exposure -2.3 0.3 e -2.0 0.3 -2.3 0.3
Walking
No exposure -2.4 0.4 -2.1 0.4 -2.4 0.4
Increased exposure -2.4 0.4 -2.1 0.4 -2.3 0.4
Repeated exposure -3.0 0.1 -2.6 0.1 -3.0 0.1
Decreased exposure -2.2 0.4 e -1.9 0.4 -2.1 0.4 e
Heavy physical effort
No exposure -2.2 0.2 -1.9 0.2 -2.1 0.2
Increased exposure -3.7 0.4 e -3.4 0.4 e -3.6 0.4 e
Repeated exposure -3.6 0.2 e -3.1 0.2 e -3.5 0.2 e
Decreased exposure -2.4 0.3 e -2.1 0.3 e -2.4 0.3 e
Job demands
No exposure -2.8 0.2 -2.5 0.2 -2.7 0.2
Increased exposure -3.4 0.3 -2.9 0.3 -3.3 0.3
Repeated exposure -2.9 0.2 -2.4 0.2 -2.8 0.2
Decreased exposure -2.7 0.3 -2.2 0.3 -2.6 0.3
Job control
No exposure -3.5 0.2 -3.0 0.2 -3.4 0.2
Increased exposure -2.7 0.4 e -2.4 0.4 -2.6 0.4 e
Repeated exposure -2.4 0.2 e -1.9 0.2 e -2.3 0.2 e
Decreased exposure -3.1 0.3 e -2.7 0.3 e -3.0 0.3 e
a Model 1 adjusted for gender and age.
b Model 2 adjusted for model 1 + obesity and chronic diseases. 
c Model 3 adjusted for model 1 + smoking, binge drinking and physical 
activity. 
d Reference group is the no exposure group.
e Significantly (P<0.05) different from the reference group.
f Reference group is the repeated exposure group.
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tioning. During the 5–7 year gap between the waves, 
there might have been some changes that remained 
unmeasured. Shorter time lags would be preferable. 
For example, in relation to mental health outcomes, the 
strongest relationships between psychosocial working 
conditions and mental health have been found using 
only 1- to 2-year time lags (39). In addition, further 
studies with more specific measures of working condi-
tions are needed to confirm the results of this study. The 
measures of physical exposures were based solely on the 
presence of the demands in work, whereas frequency 
and duration were not considered. We are also likely to 
have missed some of the changes in psychosocial work-
ing conditions as we used median as a cut-off point for 
change in job demands and control. These limitations 
may have caused some underestimation in the observed 
associations.  Furthermore, the interaction between job 
demands and control (ie, job strain) need to be addressed 
in future studies. 
In conclusion, the present findings showed that 
adverse changes in several physical working conditions 
and job control were associated with greater decline in 
physical health functioning over time, whereas favorable 
changes in exposures reduced the decline. Preventing 
deterioration and promoting improvement of working 
conditions are likely to help maintain better physical 
health functioning among ageing employees.
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